T he opposable human thumb is unique in the animal world. This most important of our digits is one of the major distinctions between us and the lower primates. It must have optimal function. When the thumb is injured, hand function is greatly impaired.
The flexor pollicis longus tendon differs from the finger flexor tendons in several structural and functional ways (Urbaniak, 1985) . The flexor pollicis longus functions as an individual unit to flex the thumb's two phalanges without the assistance of a lumbrical or sublimis tendon. The thumb has only three pulleys: two annular and one oblique. The excursion of the flexor pollicis longus at the distal joint is 10 to 12 mm, compared with 5 mm for the flexor digitorum profundus at its distal joint (Urbaniak, 1985) . Despite these differences, the authors of most protocols for postoperative management of flexor tendon injuries do not treat the flexor pollicis longus separately or specifically.
The present paper reviews methods of flexor tendon management, with specific focus on the flexor pollicis longus. My curiosity was stimulated when 2 patients with similar injuries were referred for occupational therapy within the same week. Both were treated by the same surgeon and the same therapist, but individual considerations indicated two different treatment protocols. This paper describes their treatment and illustrates the use of immobilization and early active motion. Because the 2 patients did not achieve equally good results, the literature was reviewed on methods for evaluation of outcorne (thiS is summarized at the conclusion of the paper).
I.iterature RC\'iew
MOSt authors agree that early mobilization after flexor tendon repair is the treatment of choice (Chow et aI., 1987; Dovelle, Heeter, Fischer, & Chow, 1988; Jaeger & Mackin, 1984) , although a few (e.g., Potenza, 1986) remain unconvinced of its benefit. Early controlled mobilization is Jesigned to minimize peritendinous scarring and maximize functional return of a repaired flexor tendon (Dovelle et a1., 1988) . Jaeger and Mackin (1984) stated that early controlled mobilization is the key to success for most tendon lacerations. They offered the caveat, however, that associated injuries may detract from the functional outcome if they limit or prevent early motion.
Various methods and protocols have been JescribeJ for postoperative management of repaired flexor tendons. Until the early 1970s, repaired tendons were routinely immobilized for 3 weeks, because adhesion formation was thought necessary for tendon nutrition and healing. Wynn Parry (1973) described the protocol, and Potenza (1986) advocated its use. Potenza advocated immobilization of repaired flexor tendons for 31' weeks, after which time splinting is discontinued and active flexion and extension exercises are begun. Stretching to improve passive extension is used as needed starting 6 weeks after repair. Potenza asserted that he saw no differin flexion Kleinert, however, instructed the patient to ence in results between tendons immobilized or those actively extend the operated finger against the traction moved early. Most authors agree that immobilization is to the limit of the splint 10 times per hour. Gentle the protocol of choice for a young child or for a patient passive flexion may be done four times daily. Chow et al. (1987) described a method for early tocol is described in detail elsewhere (Cannon, 1984;  mobilization of repaired flexor tendons that combines Duran et al., 1984; Strickland, 1983) . Briefly, the operated active extension against rubber-band traction with prohand is placed in a dorsal splint that maintains the wrist in tected passive range of motion. Chow and colleagues 20° of flexion, the metacarpophalangeal joints in 45° of used a modification of the Kleinert-type splint (Lopez & flexion, and the interphalangeal joints in near-full extenHanley, 1984), developed by Brooke Army Hospital, San sion. Gentle rubber-band traction holds the involved finAntoniO, Texas, which incorporates a palmar pulley to ger in a flexed position (Duran et al., 1984) . Each joint of provide maximal interphalangeal joint flexion at rest and the involved finger is passively flexed six to eight times, maximal tendon excursion during exercise. The protecttwice daily, starting immediately after surgery and coned passive range-of-motion technique allows full passive tinuing for 412 weeks. The splint is then removed and may extension of each joint as long as all others are kept flexed be replaced by a wrist cuff for 1 more week. Active wrist (Chow et al., 1987; Dovelle et al., 1988) . Excellent results and digital flexion and extension are begun at this time.
were reported (see Table 1 for a summary of the protoPassive extension may be started 512 to 6 weeks after the cols described above). repair. Gentle resistive exercise may be used 712 to 8
Few studies have been published to compare the weeks after surgery. Full activity is nor allowed for 3 efficacy of these various methods. One difficulty is that months.
reports of clinical results do not use a uniform method of Jaeger and Mackin (1984) definitively described outcome evaluation. Several formulas have been pubKleinert's (Lister, Kleinert, Kutz, & Atasoy, 1977) methlished (Chow et al., 1987; Gault, 1987 ; Urbaniak & od of early active motion. Like Duran et a!. (1984) , Goldner, 1973) , but none are used consistently by aU Kleinert maintained the wrist and metacarpophalaninvestigators. Hence, comparison of studies is imprecise. geal joints in moderate flexion for 4Vz weeks after repair Strickland and Glogovac (1980) , using immobilizawith rubber-band traction to maintain the involved digit tion for 25 cases and Duran et al.'s (1984) controlled passive motion for 25 cases, compared two groups of patients. Patients with associated injuries were excluded from the study. Using total active motion as the criterion, they concluded that the Duran protocol yielded better results than immobilization. Creekmore et al. (1985) retrospectively compared two groups of 31 patients. One group was immobilized, and the other group used the Duran protocol. Associated injuries were not excluded. Creekmore et al. found no significant difference between the two groups. Gault (1987) compared a group of patients with immobilized flexor tendon repairs with a group of patients treated by the Kleinert early-active-motion program. Patients with associated injuries were excluded from the study. Significantly more of the patients whose tendons were moved early showed excellent or good outcomes, as compared with those who were immobilized.
Although Chow and colleagues have published excellent results (Chow et aI., 1987; Dovelle et aI., 1988) , no comparisons have yet been demonstrated between this method and any others. No comparisons have been made between different mobilization methods. Strickland (1989) provided an excellent summary of flexor tendon protocols and their common features as well as a digest of new basic research on tendon healing, excurSion, and tensile strength. He concluded that satisfactory results can be achieved by any of the protocols as long as precautions are observed limiting force applied to the tendon and providing adequate excursion to prevent adhesions.
When discussing flexor tendon management, fewauthors specifically mention the flexor pollicis longus. Most of those who do (Gault, 1987; Wynn Parry, 1973) simply state that the flexor pollicis longus is to be managed in the same way as finger flexors. Jaeger and Mackin (1984) described the flexor pollicis longus zones and different placement for the rubber-band traction. Urbaniak (1985) , in a comprehensive summary article, concluded that there is no advantage to early mobilization of a repaired flexor pollicis longus.
Case Studies
Two patients presented with flexor pollicis longus lacerations in their dominant hands within the same week. Both were treated by the same surgeon and by me. Patient A's tendon was immobilized for 4 weeks due to the difficult and tenuous quality of the repair and a concurrent digital nerve and artery injury. Patient B had no complications and began early active motion 3 days after repair.
Patient A
Patient A, a 39-year-old woman, lacerated her dominant left thumb while opening a shortening can. The flexor
The American journal of Occupalional Therapy pollicis longus was cut near its insertion, along with the radial and ulnar digital arteries and the ulnar digital nerve. The injured structures were repaired on the day of the injury. The tendon was reinserted and fixed with a pullout wire tied over a button on the thumbnail.
Patient A was referred initially to occupational therapy 5 days after repair for fabrication of a thermoplastic splint with extension block and rubber-band traction prior to attempted mobilization. After 2 days in flexor traction but without exercise, the pullout wire became loose and the surgeon elected to immobilize Patient A's thumb for the duration of healing. Thirty days after the repair, Patient A was again referred to occupational therapy. Her cast was removed and active range-of-motion exercise was begun She was instructed in blocking exercises for flexion and extension of her thumb. She had only minimal active thumb movement at that time. Subsequent visits were scheduled on a weekly basis to monitor range of motion and to advance the exercise program as indicated. Initial total active motion was 40°.
The pullout wire was removed 6Y, weeks after the repair. Total active motion had improved to 85°. At 7Y, weeks, the surgeon authorized passive stretch to further improve range of motion. Total active motion measurements are shown in Table 2 . Light resistive exercise was begun SY, weeks after the repair. Total active motion reached a plateau at 100°. By 12Y, weeks, a 15° flexion contracture remained at the thumb interphalangeal joint. Therefore, an extensIon stretch splint was fabricated.
Patient A returned to her job at a packaging company, which required repetitive grasping, 14Y, weeks after the repair. At thiS pOint, no return of sensation was discernible in the ulnar digital nerve distribution. Thumb range of motion was stable, but the flexion contracture persisted. Patient A was seen at 2-month intervals for 1 vear to monitor nerve return. Thumb range of motion remained stable and functional, but no improvement of nerve function was noted. The nerve repair may have failed during the first 2 postoperative days. Patient A was able to use her thumb for all of her normal activities and was only slightly bothered by the loss of sensation. 
Patient B
Patient B, a 27-year-old woman, sustained a laceration (from a broken drinking glass) of her dominant right flexor pollicis longus at the level of the metacarpophalangeal joint. Primary repair was performed on the day of the injury. Occupational therapy referral was made 3 days after the repair for early mobilization. A Kleinert-style splint was fabricated, and Patient B was instructed in active extension against rubber-band traction, to be done five times, twice daily. Outpatient visits were scheduled once to twice weekly for checkups, wound care, minor splint modifications, and protected passive range of motion (Chow et aI., 1987) . Patient B was instructed in this technique so that she could add it to her home program. Tendon function remained intact.
The surgeon authorized active flexion exercises 30 weeks after the repair. These were added to Patient B's home program. Initial total active motion was 60°. Outpatient visits were continued on a weekly basis. Passive extension was begun and use of the spUnt was discontinued 60 weeks after the repair. Total active motion had increased to 95°. Total active motion measurements are shown in Table 2 .
Strengthening activities were begun by 80 weeks after the repair. Patient B returned to her regular job as a floral designer, which reqUired repetitive grasping and cutting, 90 weeks after the repair. She came for a final checkup 110 weeks after the repair. She was discharged from occupational therapy with normal range of motion in her thumb and no functional impairment.
Discussion
The two cases presented cannot be directly compared for several reasons. Though the injuries were Similar, they Table 3 Criteria For Evaluating Flexor Pollicis Longus Return were in different flexor tendon zones. In addition, Patient A had a concurrent nerve injury.
Patient A was treated by the immobilization protocol described by Potenza (1986) , although the timing of the program changes was not exact. She was immobilized longer than the prescribed 3 weeks. Dynamic splinting could have been started sooner if the flexion contracture had developed earlier.
Patient B was treated with a combined program of active and passive range of motion. The Washington regimen (Chow et aI., 1987) was not strictly followed; the daily therapy visits called for by that protocol were not possible, because Patient B lived 80 miles from the hand clinic. She proved reliable, however, and performed the exercises correctly at home.
Both patients were able to return to their previous jobs with no limitations or adaptations. Patient A did not regain normal range of motion after her injury; Patient B did. This difference may be due not to differences in treatment method, but rather to Patient A's more complex injury.
Several formulas for evaluating the return of flexor pollicis longus function have been proposed. Urbaniak and Goldner (1973) described a system that included degrees of active interphalangeal flexion, extension deficit, pinch strength as compared with the uninjured hand, and impairment of activities of daily living function. A rating of excellent, good, fair, or poor is given based on defined criteria. Gault (1987) cited formulas for the evaluation of flexor pollicis longus return, which were devised by White and by Buck-Gramcko. White's formula compares interphalangeal range of motion with that of the patient's uninjured hand. Buck-Gramcko assigned points based on degrees of interphalangeal flexion, extension deficit, and total active motion, then rated the result as excellent, good,jair, or poor based on the point total (see Table 3 ).
Patient B achieved an excellent result by either the Urbaniak and Goldner (1973) or Buck-Gramcko (as cited in Gault, 1987) formula. At 12 weeks after the repair, Patient A had a good result by Buck-Gramcko criteria and a fair result by Urbaniak and Goldner criteria. By 1 year, she had exceHent and good results, respectively.
Because this report is limited in that it examined only two cases, one of which had an associated injury, controHed studies involving large numbers of cases and excluding associated injuries would be valuable. Such studies would allow comparison of the effectiveness of the various protocols and better definition of such parameters as joint range of motion needed for optimal tendon excursion and amount of force that should be applied with traction (Evans, 1989) . A uniform set of criteria should be used so that results can be evaluated and directly compared.
The postoperative management of flexor tendon lacerations, particularly of the flexor pollicis longus, remains an art as much as a science. Much information has yet to be learned. A
